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Abstract 
Each year, urban populations become larger and new buildings are needed to house them; consequently, urban green areas are 
reduced and hard surface density in cities is increased all over the planet. This increase in hard surfaces, such as concrete and metal, 
is one of the main responsible for the increment of urban temperatures, also known as the urban heat island effect, and its associated 
problems. Nowadays, many studies focus on searching solutions to this issue, and living walls arise as a potential answer to reduce 
urban temperatures. This paper presents a comparison of the surface temperature behavior of two living walls and two traditional 
walls construction systems under semiarid climatic conditions. The results show that reductions of wall surface temperatures up to 
30°C are achieved when using living walls. Therefore, this technology presents an interest potential to contribute mitigating urban 
heat island effects. 
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1. Introduction
As urban population keeps growing, due to rural-urban migration and in some cases to high birthrates tendencies, 
cities become larger and denser every year. Moreover, according to the United Nations records, over 50% of the world 
population lives in cities, and it is expected to increase up to 66% in 2050 [1]. This tendency has numerous 
implications, including the replacement of natural areas for the concrete, glass and metal needed for new buildings 
constructions and infrastructure. This material replacement causes that solar radiation reaching these hard surfaces 
would be re-irradiated to the near environment, rising urban temperatures compared to surrounding natural landscapes. 
This increase in temperature, that could be as high as 10°C [2], is commonly known as the Urban Heat Island (UHI) 
effect and its implications and consequences are well known and documented in literature. Some of these effects are 
the increase in the energy required for cooling buildings, the intensification of health problems associated to high 
temperature environments, and even though the changes in the local wildlife patterns [2-6]. 
A common solution to UHI is to incorporate high albedo surface materials which are capable of bouncing solar 
radiation back into space before it transform into heat. This strategy is used by the so-called cool roofs, which are 
highly reflective finishing surfaces that keep roof’s temperature low. Surface reflectiveness is evaluated by measuring 
the Solar Reflectance Index (SRI) of the surface finishing. As higher the SRI value, more reflective is the material and 
therefore its surface temperature would be lower. For instance, several regulations, green building certifications and 
public policies that aim to reduce the UHI effect in cities, stablish minimum SRI values for roofing and pavement 
materials [7]. Nevertheless, this type of strategies are not always as effective as they seem because only a fraction of 
the solar radiation is reflected, and, it is highly probable that solar radiation would only bounce into another building’s 
façade or pavement in very dense cities [3]. This last problem is especially true in the case of walls, for which there 
are few solutions available in the market, and highly reflective surface would only transmit the problem to near 
structures.  
As the previous strategies do not solve quite well the problem of UHI caused by walls, a more logical solution is to 
rebuild the original green areas removed during the city construction. In this manner, vegetation would dissipate the 
heat produced by solar radiation reaching buildings, and hence urban temperatures would drop. Although this might 
sound a huge endeavor, there are many tested construction solutions especially design to incorporate vegetation into 
rooftops and walls, commonly known as green roofs and living walls, respectively. Particularly, many studies have 
been carried out to test the effect of green roof systems in urban temperatures [8,9], but few experimental studies have 
being carried to understand the effect of living walls. This is especially interesting in warm and dry climates, where 
high solar radiation and low sky cover could drastically increase urban temperatures if strategies to reduce UHI are 
not addressed. Moreover, in cities with great number of tall buildings and a higher wall to roof ratio, walls may have 
a more significant impact in urban temperatures than roofs. For this reason, this paper shows an experimental study 
that measures surface temperatures and SRIs of two living walls and results are compared with measurements of two 
regular building constructions systems in an urban context under semiarid climatic conditions. 
2. Experimental setup
For the purpose of this study, an experimental setup was built at the Laboratory of Vegetative Infrastructure of 
Buildings (LIVE for its Spanish acronym) at the Pontificia Universidad Católica de Chile. The LIVE facility is a 150 
m2 laboratory, located in Santiago of Chile, with infrastructure and instrumentation capable of evaluate different 
building’s vegetative systems such as vegetative roofs and living walls. These conditions make of LIVE an ideal 
experimental facility for the experimental setup that is presented in this paper and for future studies in these fields.
Several studies regarding green roofs have been carried out in LIVE since 2012. 
The experimental setup explained below was carried out to assess the influence of two different living walls on 
building’s surface temperature and SRIs. The living walls were samples of 4 m2 each and composed of: (1) highly 
dense sedum panels with three different sedum species (living wall 1), and (2) black plastic pots with medium dense
sedum vegetation with a variety of sedum species (living wall 2). In addition, two traditional walls were set as control 
samples, which consisted of a lightweight red painted metal sheet panel with a polyurethane core and a heavyweight 
gray-finished concrete wall. The two living walls were built separated from the wall laboratory considering 0,6 m gap,
while both control walls were part of already existing nearby buildings and with similar indoor conditions. Moreover, 
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all the walls evaluated during this study had north orientation, and no significant obstructions that could affect its 
exposure to solar radiation. 
The laboratory instrumentation used to study the thermal behavior of the samples considered, in the case of the 
living walls, shaded thermocouples type T to register the vegetation temperature at different points (an average 
temperature of this point is used for later analysis) and Decagon GS3 soil moisture content/temperature/salinity sensors 
to measure the substrate (growing media) conditions. In the case of the control wall surfaces, only shaded 
thermocouples type T were used to measure their surfaces temperatures. In addition, the LIVE facility count with a 
weather station to monitor air temperature, relative humidity, precipitations, global horizontal radiation, PAR 
horizontal, vertical global solar radiation (samples plane), wind speed and wind direction. All the sensors, including 
the weather station instruments, were connected to a data acquisition system programed to register data every 5
minutes. 
Fig. 1. Wall samples. Left to right: living wall 1, living wall 2, red metal wall and gray concrete wall. 
The monitoring also included other non-continuous measurements such as thermography and SRI. Thermography 
images were obtained for all walls at different instances of the day, early morning when the walls were cool, midday 
when the sun radiation was higher, and late afternoon when the heat was accumulated in the walls and solar radiation 
starts falling. In the other hand, SRI measurements were carried out for all walls using an adapted protocol from the 
ASTM E1918-06 (Standard Test Method for Measuring Solar Reflectance of Horizontal and Low-Sloped Surfaces in 
the Field) due to none standard exists to measure solar reflectance of existing vertical surface. 
3. Results and Analysis
The experimental test considered a twelve days measurement period during the summer from January 6th to 17th.
The weather data for this period showed typical Santiago’s summer conditions represented by high global horizontal 
solar radiation with peaks above 1000 W/m2, and temperatures as high as 35°C, as well as low relative humidity. Fig. 
2 shows the main weather conditions during the testing period. 
Regarding the measurements obtained, Fig. 3 shows the surfaces temperatures of the four walls. It can be observed 
that the red metal panel and gray concrete walls presented the highest temperatures during the whole experimental 
period. Moreover, the recorded temperature differences between the controls and the living walls reached peaks as 
high as 30°C, which is the surface temperature difference between the living wall 1 (fully vegetative covering) and the 
red metal wall. This result shows the significant contribution of living walls on reducing wall surface temperatures 
due to shading and evapotranspiration effects. Hence, the potential of living walls to reduce UHI problems. 
Fig. 3 also evidences that temperature profiles between living walls also differ drastically. Living wall 1 presented
much lower temperatures than that of the living wall 2, reaching differences as high as 11°C. This result is because of 
the non-fully vegetation covering of living wall 2 that diminishes its cooling effect due to shading and 
evapotranspiration. Furthermore, it is notorious that living wall 2 has similar surface temperature than the outdoor 
temperature, which might also be caused by its medium vegetation density. 
Focusing on the results for a day the day with the highest outdoor temperature (January 9th), it is possible to 
understand in more detail each sample’s behavior and the impact of the vegetation in a wall’s surface temperatures.
Fig. 4 shows that at the beginning of the day, the living walls and metal wall surface temperatures are similar to the 
outdoor temperature due to the lack of the solar radiation reaching and heating up their surfaces. As solar radiation 
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increases the temperatures profiles splits, the red metal wall temperature is much higher than the temperature records 
for the living walls. This temperature difference rapidly changes as solar radiation decreases during the late afternoon, 
thus the metal wall surface temperature is slightly below the temperature of living walls during nighttime. On the other 
hand, the concrete wall presents higher surface temperatures in the morning due to the heat stored during the previous 
day because of its high thermal mass. The thermal mass is also responsible for the delay in the rising of the wall’s
surface temperatures during the day, producing a two hours lag on its peak. However, this delay also causes that the 
concrete wall presents surface temperatures 10°C higher compared to the rest of the wall samples during the afternoon 
and overnight. Despite the difference of surface temperatures between the living walls, they present the lowest surface 
temperatures and their fluctuations, staying below the outdoor air temperature. 
Fig. 2. Global horizontal solar radiation, global vertical solar radiation and outdoor air temperature.
Fig. 3. Surface temperatures of living and control walls and outdoor air temperature. 
From the thermal imaging analysis for January 9th was possible to check the whole surface of walls and identify 
the complete samples average surface temperatures, as well as hot and cool spots anomalies. The data obtained from 
these images was processed and summarized in Table 1. This data confirms the tendencies shown previously for 
surface temperature analysis. It also reveals that living wall surface temperatures could vary considerably across its 
surface. For example, living wall 1 shows differences around 11,7°C and 14,4°C across its surface at 2:20 pm and 5:30 
pm, respectively; whereas, living wall 2 shows differences above 29°C at 2:20 pm. In the case of living wall 1, it is 
observed that these temperature differences are caused by different zones with different sedum species. Fig. 5a shows 
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that the sedum panel at the right portion of the figure presents much lower temperature than that of the sedum panel at 
the left portion of Fig. 5a. On other hand, the much larger temperature differences across living walls 2 are caused by 
zones with uncovered pots (see Fig. 5b) which present much higher temperature than that observed in zones with 
vegetation. These results evidence the importance of the proper selection of vegetation and its covering to reduce 
surface temperature of living walls and increase their potential to reduce UHI effects. 
Fig. 4. Samples surface temperatures and thermal images temperatures averages for January 9. 
Table 1. Temperature results from thermal images for January 9th. 
Test sample
10:20 am 2:20 pm 5:30 pm
Min (°C) Max (°C) Avg (°C) Min (°C) Max (°C) Avg (°C) Min (°C) Max (°C) Avg (°C)
Living wall 1 22,5 33,5 26,3 34,6 46,3 40,6 34,4 48,8 40,9
Living wall 2 21,1 30,6 25,9 32,4 61,8 42,9 35,0 65,7 41,8
Gray concrete wall 25,5 29,6 27,2 37,2 42,3 39,9 45,2 50,6 47,7
Red metal wall 30,3 32,5 31,1 50,4 56,0 52,7 43,9 58,1 49,8
Fig. 5. Thermal images obtained at 5:30 pm on January 9th. a) living wall 1. b) living wall 2. 
The solar reflectance index measurements are shown in Table 2. It can be seen that the SRI for the living walls is 
fairly low in comparison with the SRI obtained by the concrete and red metal walls. This means that the evaluated 
living walls show solar radiation reflecting surfaces, thus they would not bounce as much radiation to other nearby 
buildings façades as traditional building materials. This might contribute to reduce UHI effects because surrounding 
walls are subjected of lower incoming radiation, and hence, reducing the emittance of heat that becomes in higher 
urban air temperature.
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Table 2. Solar Reflectance Index (SRI) of living and control walls 
Test samples Reflectance Solar Absorption Emissivity SRI
Living wall 1 0,285 0,714 0,94 32,0
Living wall 2 0,205 0,794 0,94 21,9
Gray concrete wall 0,415 0,584 0,88 46,5
Red metal wall 0,360 0,639 0,90 40,0
4. Conclusions
Most of the studies regarding strategies to fight UHI focus on roofs and high albedo surface materials, but they do
not consider vertical surfaces and radiation bouncing into nearby buildings. Therefore, studying alternative solutions 
such as living walls, and how they affect urban temperatures, is of the most interest. 
This study shows that using living walls might reduce the wall’s surface temperature up to 30°C compared to a
traditional wall surfaces under semiarid climatic conditions. This result might be mainly caused by the shading effect 
of the canopy and the evapotranspiration of the soil-plant system. Furthermore, living wall surface temperature 
distribution would drastically depends on the vegetation specie, vegetation covering, and the exposed wall structure
of the living wall, which may produce hot spots with even higher temperatures than traditional walls. On the other 
hand, SRI measurements show that the tested living wall surfaces have very low albedo, which means they reflect less 
radiation to nearby building facades. Consequently, UHI effects might be mitigated because the reemitted radiation, 
as heat, by surrounding building facades to the urban environment is reduced. 
This paper shows preliminary results and further studies are needed for measuring the effect of different sedum 
species, living walls structures, and irrigation methods and rates on the surface temperature and SRI. 
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